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AN  INVENTORY  PLANNING  MODEL 
FOR  NAVY  ENLISTED  PERSONNEL 


I ^ 


ABSTRACT 

The  model  specifies  annual  accessions  plus  minimum  lo- 
cations to  formal  and  on-the-job  training  needed  to  maintain 
future  inventories  within  specified  limits  of  manpower  require- 
ments. Plans  are  derived  simultaneously  for  many  skill  categories 
over  several  years.  Restrictions  are  imposed  on  the  size  of 
annual  inventories,  flows  between  skill  categories  and  smooth- 
ness of  flows  into  formal  training.  Experience  levels  within 
skill  category  are  explicitly  accounted  for  by  allowing  specifi- 
cation of  up  to  3 length-of-service  groups.  The  methodology 
is  linear  programming,  which  can  be  extended  to  stochastic 
programming  to  account  for  uncertainty  in  projections  of  future 
requirements.  Plans  derived  using  actual  Navy  data  are  presented. 

X 

INTRODUCTION 

This  paper  presents  an  application  of  linear  programmincj 
to  a manpower  and  personnel  planning  problem.  The  work  is 
being  conducted  as  part  of  an  ongoing  study  at  the  Center  for 
Naval  Analyses,  called  the  Enlisted  Manpower  and  Personnel 
Planning  System  (EMPPS)  Study. ^ The  problem  is  to  determine 


an  efficient  allocation  of  scarce  resources  (annual  Navy  acces- 
sions) to  Navy  ratings  (skill  groups)  which  meets  the  demand 
(annual  requirements)  for  each  skill  in  each  of  the  next  seven 
years.  An  efficient  allocation  is  one  that  meets  requirements 
at  minimum  cost. 

The  manpower-personnel  system  is  not  assumed  to  be  in 
steady  state.  Annual  requirements  fluctuate,  not  only  as  to 
the  total  number  required  within  each  rating,  but  also  with 
respect  to  the  experience  mix  within  the  totals.  For  each 
rating,  the  Navy  specifies  annual  requirements  for  nine  separate 
experience  groups,  called  paygrades. 

Total  accessions  and  authorized  endstrength  (inventory 
size  at  the  end  of  each  planning  year)  are  constrained  by  law 
to  be  less  than  specified  levels.  In  recent  years,  authorized 
endstrength  levels  have  been  less  than  total  requirements.  This 
situation  is  expected  to  persist.  Because  of  this,  requirements 
cannot  be  fully  met.  This  gives  rise  to  an  alternate  interpre- 
tation of  "meeting"  requirements  in  which  a manager  specifies 
how  close  he  wants  projected  inventories  to  be  to  projected 
requirements,  for  each  rating  (and  even  for  subsets  of  experience 
groups  within  ratings) . This  option  allows  full  manning  in 
high  priority  ratings,  and  programmed  shortages  in  others,  and 
reveals  the  impact  of  programmed  undermanning. 
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The  problem  is  further  complicated  in  that,  for  the  most 
part,  accessions  into  the  Navy  do  not  flow  directly  into 
ratings;  rather,  they  enter  one  of  two  training  pipelines, 
either  formal  or  on-the-job  training.  The  durations  of  these 
pipelines  vary  by  type  and  rating.  Generally,  formal  training 
(rating  "A"  schools)  lasts  less  than  one  year,  sometimes  only 
a few  weeks,  while  on-the-job  training  usually  takes  in  excess 
of  2 years. 

In  our  model,  inventory  flows  are  modeled  after  those  observed 
in  the  recent  past.  However,  the  model  allows  the  user  to  easily 
modify  those  flows  to  reflect  planned  or  porposed  shifts  in 
continuation  management  policies  during  the  planning  horizon. 

FORMULATION 

The  mathematical  formulation  of  the  linear  program  is 
presented  in  appendix  A.  This  section  presents  a non- techn ica 1 
description  of  the  formulation. 

The  solution  to  the  linear  program  represents  a proposed 
management  plan  for  all  ratings  over  the  next  seven  years. 

For  each  rating  and  each  year,  the  following  quantities  are 
specified : 

1.  the  size  of  allocations  of  accessions  to  formal 
training 

2.  the  size  of  allocations  of  accessions  to  on-the- 
job  training 

3.  the  number  of  lateral  transfers  into  the  rating 
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4.  tho  number  of  lateral  transfers  out  of  the  rating 

5.  the  number  of  direct  inputs  to  the  rating  (from 
sources  other  than  training) 

The  quantities,  along  with  the  starting  inventory  and  projected 
continuation  rates,  are  then  used  to  derive  the  inventory 
expected  to  result  from  following  the  proposed  plan.  The 
allocation  schedule  and  resulting  inventories  are  then  summar- 
ized for  management  review.  This  will  be  illustrated  later 
with  an  example. 

Each  type  of  constraint  will  now  be  discussed  separately, 
followed  by  a discussion  of  the  objective. 


Constraints 

Constraints  fall  into  one  of  two  categories;  those  which 
reflect  "real  world"  relationships  beyond  the  control  of  the 
manager  (user) , and  those  which  reflect  policies  selected  by 
the  manager  (user)  and  can  be  freely  changed  as  desired. 

The  real  world  constraints  are: 

1.  The  total  number  of  personnel  in  the  Navy  is  bounded 
above  in  each  year.  (These  are  called  "endstrength"  constraints.) 

2.  The  total  allocated  to  training,  across  all  s)<ills, 
cannot  exceed  the  maximum  flow  out  of  recruit  training  in 

each  year.  (These  are  referred  to  as  "recruit  input"  constraints.) 

3.  The  sum  of  lateral  transfers  within  specified  subsets 
of  s)cills  must  equal  zero.  This  means  that  the  sum  of  lateral 
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ins  must  equal  the  sum  of  lateral  outs  within  each  group. 
Groupings  will  correspond  to  Navy  practice  with  regard  to 
coi.trol  of  lateral  flows.  (These  are  called  "lateral  flow 
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constraints. ) 

4.  Flows  into  skills  via  direct  inputs  and  lateral 
transfers  are  bounded  above  in  accordance  with  empirically 
derived  maximums.  (These  constraints  are  simple  upper  bounds.) 

5.  The  allocation  to  formal  training  in  the  first  year 
is  predetermined  and  not  subject  to  change.  This  is  because 
the  long  lead  time  required  to  reprogram  resources  in  formal 
training  precludes  changing  next  year's  allocation. 

Policy  related  constraints  include: 

1.  '’Inventory  Flow"  constraints  are  generated  which 
force  projected  rating  inventories  to  be  within  a specified 
percentage  of  requirements  in  each  year.  The  procedure  used 
to  construct  these  constraints  will  be  illustrated  in  the 
next  section.  These  constraints  are  applied  not  only  to  the 
total  in  each  rating,  but  to  several  experience  groups  within 
each  rating  simultaneously,  as  long  as  the  groups  are  describable 
in  terms  of  intervlas  of  LOS  cells,  (This  will  be  illustrated 
later  in  an  example  where  plans  are  derived  which  meet  requirements 
for  the  total  rating,  that  is  for  LOS  cells  1 through  31,  and 
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also  for  careerists  within  the  rating,  which  are  defined  to  be 
those  in  LOS  cells  5 through  31.) 

2.  "School  smoothing"  constraints  require  that  alloca- 
tions to  formal  training  be  smooth.  That  is,  the  input  in  / 

a year  cannot  differ  from  the  input  in  the  preceding  year  by 

more  than  an  amount  specified  by  the  user. 

3.  The  flow  of  lateral  transfers  can  be  controlled  by 

the  use  This  means,  for  example,  that  no  lateral  transfers 
will  ved  into  a rating  which  is  grossly  in  excess,  and 

no  I transfers  will  be  allowed  out  of  a rating  which  has 

a significant  shortage.  This  control  is  affected  by  appro- 
priately setting  simple  upper  bounds  on  lateral  transfers. 

4.  Limits  on  the  flows  through  OJT  are  controlled  by 

the  user.  That  is,  for  each  skill,  an  upper  bound  is  specified 
beyond  which  no  further  flow  is  either  desired  or  can  be 
expected . 

The  solution  space  described  by  a given  set  of  constraints 
may  be  empty.  In  this  case,  the  user  can  selectively  relax 
constraints  until  feasibility  is  achieved. 

Objective  Function 

The  objective  function  in  the  linear  program  represents 
the  cost  of  meeting  requirements  as  decided  upon  by  the  user. 
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The  solution  to  the  linear  program  is  the  minimum  cost  allo- 
cation of  new  inputs  which  meets  requirements  as  desired.  At 
the  current  stage  of  development,  meaningful  cost  coefficients 
have  not  yet  been  derived  for  the  objective  function.  Instead, 
a substitute  objective  function  is  being  used  which  represents 
the  total  allocation  to  training  over  the  planning  years.  A 
solution  to  this  problem  gives  that  allocation  which  puts  the 
least  number  of  people  into  training,  while  meeting  requirements 
as  desired.  In  this  version,  broken  service  reenlistments  and 
lateral  transfers  are  free  goods,  and  are  constrained  to 
reasonably  attainable  limits. 

INVENTORY  PLANNING  MODEL 

The  linear  programming  routine,  along  with  the  routines 
which  preprocess  and  postprocess  data,  together  comprise  what 
will  be  called  the  Inventory  Planner.  This  model  will  be 
explained  by  describing  the  sequence  of  steps  involved  in  its 
use.  This  will  serve  to  illustrate  the  interaction  between 
the  model  and  manager  (user) , and  also  how  the  model  can  be 
used  to  investigate  and  contrast  the  impact  of  proposed  policy 
shifts. 

Step  1:  The  user  specifies  deviations  from  current  con- 

tinuation management  policy  he  wishes  to  investigate  (such  as 
changes  in  bonus  levels  for  some  ratings,  or  a change  in 
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onl i stmont  contract  length,  etc.).  If  no  changes  are  desired, 
the  current  policy  set  will  automatically  be  simulated.^ 

Step  2:  For  each  rating,  the  manager  identifies  up  to 

three  LOS  groups  ho  is  concerned  about.  LOS  1 through  31  includes 
the  total  rating,  and  is  generally  of  interest.  LOS  5 through 
31  includes  those  usually  referred  to  as  "careerists."  (These 
two  LOS  groups  will  be  treated  in  the  example  to  follow.) 

Other  LOS  groups  which  may  be  of  interest  include  LOS  3 through 
7 and  LOS  11  through  15,  which  comprise  operators  and  super- 
visors in  nuclear  propulsion  ratings. 

Step  3:  The  user  specifies  how  close  he  wants  projected 

inventories  to  be  to  projected  requirements  for  each  LOS  group 
within  each  rating.  This  is  done  by  specifying  an  interval  (or 
band,  or  funnel),  about  annual  requirements  totals  within  which 
projected  inventories  must  remain.  This  is  illustrated  in 
figure  1.  The  solid  line  represents  total  requirements  (LOS  1-31) 
for  one  skill  over  the  next  seven  years.  The  circle  represents 
the  total  inventory  as  of  the  end  of  the  last  fiscal  year.  The 
dotted  lines  represent  a possible  funnel  about  the  requirements 
line  described  by  the  following  two  7-element  vectors. 


Imbedding  the  effect  of  policy  changes  in  projected  continuation 
rates  is  performed  by  the  VACATE  model  (see  reference  2),  which 
is  a separate  model  which  works  in  concert  with  the  linear  pro- 
gramming model.  After  VACATE  derives  projected  continuation  rates 
the  rates  are  used  by  the  linear  programming  model  to  derive  the 
management  plan. 
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Funnel  About  Requirements  Line 
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Percentages  of  requirements  for: 

Year  1 Year  2 Year  3 Year  4 Year  5 Year  6 Year  7 
Upper  bound  1.05  1.05  1.05  1.05  1.05  1.05  1.05 

Lower  bound  .85  .87  .89  .91  .93  .95  .95 


The  lower  boundary  of  the  funnel  is  chosen  to  force  projected 
inventories  to  more  closely  align  with  requirements.  In  this 
example,  it  might  appear  that  the  upper  boundary  of  the  funnel 
is  superfluous  when  using  an  objective  of  minimizing  the  cost  of 
staying  within  the  funnel;  however,  other  constraints,  such  as 


those  on  the  career  part  of  the  rating,  might  force  the  total 
in  the  rating  well  above  the  lower  boundary  shown  in  some  years, 
and  even  significantly  above  the  requirements  line.  For  ratings 
that  are  overmanned,  it  is  the  upper  boundary  of  the  funnel  which 
will  tend  to  drive  projected  inventories  towards  projected  require- 
ments. When  describing  a funnel  for  an  LOS  group  within  some 
rating,  the  manager  is  describing  his  indifference  region  for 
that  group.  In  effect,  he  is  saying  that  he  is  indifferent  as 
to  the  precise  number  prr,jected  to  be  in  that  group,  as  long  as 


it  is  within  the  limits  described  by  the  funnel. 

Step  4:  The  user  has  the  option  of  smoothing  school  inputs 


either  by  percentages  or  by  fixed  amounts.  If  the  percentage 


method  is  selected,  the  user  provides,  for  each  year,  a percentaqe 
interval,  such  as  90  percent,  105  percent,  and  constraints  are 
generated  which  require  inputs  in  a year  to  be  greater  than  90 
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percent  and  less  than  105  percent  of  the  preredinq  years'  inf-jt. 

If  the  "fixed  amount"  method  is  selected,  2 numl^ers  ■>' i ' rr 
for  each  year,  which  specify  annual  shrinkage  and  ^ oansion  pos- 
sible within  the  year. 

Step  5:  The  user  may  override  automat ica 1 ly  imposed  simple 

unper  bounds  or  controls  on  lateral  transfers.  The  model  1 1 
automatically  prevent  lateral  transfers  into  ratings  which  are 
not  undermanned,  and  also  prevent  lateral  transfers  out  of  ratings 
which  are  not  overmanned.  Simple  upper  bounds  on  such  things 
as  annual  direct  inputs,  lateral  flows,  or  inputs  to  on-the-job 
training  are  preset  to  reasonably  attainable  limits,  but  can  be 
altered  by  the  user  as  desired. 

Step  6 ; The  linear  program  then  derives  the  minimum  cost 
schedule  of  allocations  to  each  skill  which  results  in  the  pro- 
jected inventories  for  each  LOS  group  and  each  rating  remaining 
within  the  prescribed  funnels,  if  this  is  possible.  If  it  is  not, 
the  program  indicates  that  the  manager's  desires  cannot  be 
accommodated  without  either 
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of  each  rating  which  are  projected  to  result.  If  no  feasible 
plan  exists,  the  process  reverts  to  step  1,  where  the  manager 
is  required  to  interact  again. 

EXAMPLE 

This  section  presents  an  example  which  illustrates,  in 
part,  the  operation  of  the  Inventory  Planning  Model.  Since 
the  focus  of  this  paper  is  on  the  linear  program,  continuation 
management  policy  is  assumed  to  remain  unchanged  over  the  planning 
horizon.  (Reflecting  changes  in  such  policies  as  changes  in 
continuation  rates  is  achieved  by  the  VACATE  part  of  the  Inven- 
tory Planning  Model,  which  is  discussed  in  reference  2.) 

For  the  sake  of  simplicity,  only  3 of  the  Navy's  82  ratings 
are  the  number  of  ratings  treated  in  the  example.  The  strating 
inventory  data  for  these  3 ratings  is  actual  Navy  data.  Continuation 
flow  parameters  model  flows  observed  during  fiscal  year  1976. 

Actual  requirements  for  these  ratings  have  been  adjusted  here 
to  derive  a scenario  of  interest.  The  example  will  demonstrate 
how  both  excesses  and  shortages  can  be  reduced  while  maintaining 
smooth  flows  through  training. 

For  each  rating,  two  LOS  groups  (experience  groups)  are 
planned;  LOS  1-31,  representing  the  total  rating;  and  LOS  5-31, 
the  "career"  part  of  the  rating. 
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One  of  the  3 ratings  is  designated  as  having  "priority 
manning  status,"  which  means  that  this  rating  is  to  be  manned 
at  least  at  100  percent  of  requirements  in  all  LOS  groups  (where 
manning  is  defined  as  the  ratio  of  inventory  to  requirements) . 

Manning  in  the  ratings,  as  of  the  end  of  the  last  fiscal 
year,  is  as  shown  in  table  1.  Rating  2 is  priority  manned  and 
is  overmanned  in  both  total  (110  percent)  and  careerists  (110 
percent).  Rating  1 is  undermanned  in  total  (90  percent)  and 
careerists  (90  percent).  Rating  3 is  neither  overmanned  or 
undermanned.  Aggregate  manning  across  all  ratings  is  96  percent 
in  both  total  and  careerists. 

Annual  requirements  for  the  example  ratings  are  shown  in 
table  2.  The  magnitudes  of  these  values  have  been  adjusted 

TABLE  1 

MANNING  IN  THE  STARTING  INVENTORY 


Rating  1 

Rating  2 

Rating  3 

Aggregate 

Total  in  rating 

Required^ 

25,920 

11,065 

5,430 

42,405 

Inventory 

23,342 

12,146 

5,431 

40,919 

Manning 

90% 

110% 

100% 

96% 

Career  part 

Required 

12, 330 

5,410 

2,631 

20,371 

Inventory 

11,090 

5,939 

2,616 

19,645 

Manning 

90% 

110% 

100% 

96% 

'^Requirements  adjusted  to  produce  manning  levels  for  illustration. 
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sliqhtly  as  mentioned  earlier,  liowever,  the  annual  fluctuations 
reflect  those  of  actual  Navy  projections  for  these  ratings.  The 
year-to-year  change  is  slight  for  all  ratings,  and  the  last  3 
years  are  projected  here  to  be  the  same  as  the  fourth  year.  The 
bottom  row  displays  aggregate  annual  requirements  across  all 
3 ratings. 

To  illustrate  how  plans  are  developed  when  authorized 
endstrengths  are  less  than  aggregate  requirements,  authorized 
endstrength  levels  were  arbitrarily  selected  to  be  42,000  in 
each  year.  This  will  force  the  Inventory  Planner  to  derive 
a plan  in  which  priority-manned  rating  2 is  manned  at  least  at 
100  percent  in  all  years,  and  non-priority  ratings  1 and  3 have 
to  absorb  all  ensuing  shortages. 

Total  .Navy  accessions  for  these  3 ratings  were  limited  to 
10,650  in  the  first  2 planning  years,  10,750  for  the  next  2 years, 
and  10,850  for  the  last  3 years.  Attrition  out  of  the  Navy  before 
completion  of  recruit  training  was  arbitrarily  chosen  to  be  14 
percent.  This  means  that  86  percent  of  annual  accessions  will  be 
available  for  assignment  to  training  in  one  of  the  3 ratings. 

The  Inventory  Planner  uses  manning  levels  in  the  starting 
inventory  to  establish  lateral  transfer  flow  constraints  for 
each  rating.  Due  to  manning  as  shown  in  table  1,  these  flows 
were  constrained  as  follows: 

o no  lateral  transfers  are  to  be  planned  into  overmanned 
rating  2; 
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o 


no  lateral  transfers  are  to  be  planned  out  of  under- 
manned rating  1; 

o no  lateral  transfers  are  to  be  planned  into  or  out  of 
properly  manned  rating  3. 

The  user  can  override  or  modify  these  constraints,  as 
desired.  Because  of  the  simplified  nature  of  the  example,  the 
only  lateral  flow  allowed  is  from  rating  2 to  re  ting  1. 

In  the  example,  flows  into  formal  training  in  all  ratings 
are  constrained  to  fluctuate  no  more  than  10  percent  from  year 
to  year,  and  inputs  in  the  first  planning  year  are  fixed  and 
not  subject  to  change  by  the  manager  or  the  planning  model. 

A good  plan  is  one  which  efficiently  reduces  both  over- 
manning in  rating  1 and  undermanning  in  rating  2,  while  main- 
taining rating  3 at  its  proper  manning  level,  and  does  all  this 
within  endstrength  and  recruit  input  limitations. 

Before  the  Inventory  Planner  is  run,  the  manager  must 
specify  how  he  wants  requirements  "met"  for  each  rating.  This 
is  illustrated  for  rating  1 in  figure  2.  The  solid  lines  graph 
the  annual  requirements  from  table  2.  The  starting  inventories 
for  each  LOS  group  are  shown  on  the  left-hand  axis  with  darkened 
circles.  The  dotted  lines  show  the  boundaries  of  the  funnel 
chosen  for  each  LOS  group.  Since  rating  1 is  undermanned  at 
the  start,  the  lower  boundaries  are  chosen  to  force  projected 
inventories  in  both  LOS  groups  nearer  to  requirements.  The 
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Figure  2 Graph  of  Funnel  Boundaries  for  Rating  1 
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left-hand  edge  of  the  lower  boundary  is  selected  to  be  below 
the  starting  inventory  level  to  allow  derivation  of  a feasible 
plan.  The  right-hand  portion  of  this  lower  boundary  indicates 
the  minimum  manning  level  the  manager  will  accept  in  this  rating. 
The  rate  at  which  the  boundary  approaches  the  requirements 
line,  starting  at  the  left  and  moving  to  the  right,  indicates 
the  manager's  desired  rate  of  improvement. 

Those  boundaries  for  rating  1 result  from  selection  of  the 
vectors  displayed  in  table  3.  The  decimal  fractions  shown 
specify  how  close  the  inventory  projections  must  be  to  require- 
ments, given  that  the  derived  input  plan  is  followed.  Fractions 
are  shown  here  for  all  ratings,  and  are  those  used  in  the 
example.  Note  that  the  lower  boundary  for  rating  2 is  selected 
to  be  the  same  as  requirements  because  of  priority  manning 
status . 

The  rating  plans  derived  by  the  Inventory  Planning  Model 
are  presented  in  figure  3 through  5,  and  a 3-rating  summary  is 
presented  in  figure  6. 

Figure  3 contains  the  Input  plan  and  projections  for 
rating  1.  Planned  inputs,  by  type,  are  listed  at  the  bottom  of 
the  figure  below  the  year  for  which  they  are  planned.  Projections 
for  both  total  and  careerists  approach  the  requirements  line  as 
desired.  This  improvement,  particularly  for  the  career  LOS 
group,  is  enhanced  by  the  indicated  lateral  flows.  This  reduction 
is  accommodated  without  large  fluctuations  in  the  school  input  plan. 
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TABLE  3 


FUNNEL  BOUNDARY  SPECIFICATION  VECTORS 


Planning  years 

1 

2 

3 

4 

5 

6 

Rating  1 

Total 

Upper 

limit 

1.05 

1.05 

1.05 

1.05 

1.05 

1.05 

Lower 

1 imit 

. 89 

. 90 

.91 

.92 

.93 

. 94 

Career 

Upper 

limit 

1 . 05 

1.05 

1.05 

1.05 

1.05 

1.05 

Lower 

limit 

.90 

. 91 

. 92 

.93 

. 94 

.95 

Rating  2 

Total 

Upper 

limit 

1 . 10 

1.09 

1. 08 

1. 07 

1.06 

1. 05 

Lower 

limit 

1.0 

1.0 

1 . 0 

1.0 

1.0 

1 . 0 

Career 

Upper 

1 imit 

1.10 

1.09 

1.08 

1.07 

1.06 

1.05 

Lower 

1 imit 

1.0 

1 . 0 

1.0 

1.0 

1.0 

1.0 

Rating  3 

Total 

Upper 

1 imit 

1.05 

1 . 05 

1.05 

1 . 05 

1.05 

1.05 

Lower 

1 imit 

.95 

. 95 

.95 

.95 

. 95 

.95 

Career 

Upper 

limit 

1. 05 

1.05 

1.05 

1.05 

1.05 

1.05 

Lower 

limit 

.95 

.95 

. 95 

.95 

. 95 

. 95 

7 


1 .05 
.95 

1.05 
. 95 


1 . 05 
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1.05 

1.0 


1.05 
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1 . 05 
. 95 
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FIG.  3:  PLAN  AND  PROJECTION  FOR  RATING  1 
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No  on-the-job  training  is  planned,  which  is  not  surprising, 
because  in  general,  those  provided  with  formal  training  become 
more  productive,  faster,  and  stay  in  the  Navy  longer.  These 
characteristics  are  captured  by  the  model  and,  under  the  objective 
used,  result  in  a clear  preference  for  formal  training. 

Figure  4 shows  the  plan  and  projection  for  rating  2. 

Manning  was  forced  downward  more  towards  requirements,  as  desired. 
The  lateral  flows  out  of  this  rating  were  helpful  in  this  regard. 
Note,  however,  that  maintainina  career  manning  above  100  percent 
in  later  years  forced  increased  allocations  to  formal  training 
and  also  some  allocations  to  on-the-job  training  in  years  1 
and  2 . 

Figure  5 shows  the  plan  and  projection  for  rating  3.  No 
lateral  flows  were  planned.  Inputs  to  formal  training  are  very 
smooth,  except  for  year  2 when  the  large  recruit  inputs  needed 
in  rating  2 and  the  upper  limit  on  total  recruit  inputs  force 
the  maximum  allowed  reduction  in  school  input  in  rating  3, 

10  percent,  between  year  1 and  year  2. 

Figure  6 shows  how  the  projected  endstrengths  (total 
inventories)  compare  to  arbitrarily  selected  endstrength 
authorization  levels,  and  also  how  planned  recruit  accession 
totals  compare  to  arbitrarily  selected  limits  on  accessions. 
Projected  endstrengths  quickly  approach  the  authorized  level. 

In  each  year  except  the  last,  the  maximum  number  of  accessions 
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FIG. 


5: 


PLAN  AND  PROJECTION  FOR  RATING  3 


are  used.  Tn  the  last  year,  a lesser  amount  is  needed  because 
endstrength  is  not  allowed  to  sharply  increase,  as  was  the 
case  in  preceding  years. 

It  is  reemphasized  that  the  usefulness  of  this  planning 
model  does  not  end  with  the  development  of  one  plan.  The  mar- 
ginal cost  of  a proposed  shift  in  continuation  management  policy, 
such  as  bonus  level,  or  non-continuation,  can  be  derived  through 
comparison  of  plans  developed  with  and  without  the  proposed 
shift.  It  is  in  this  fashion  that  the  manager  can  compare  such 
things  as  reductions  in  accession  levels  possible  through  appli- 
cation of  a reenlistment  bonus,  or  perhaps  the  increase  in  acces- 
sion levels  implied  by  reduction  in  direct  procurement  programs 
(e.g.,  inputs  from  sources  other  than  training). 

EXTENSION  TO  ACCOUNT  FOR  UNCERTAINTY  IN  REQUIREMENTS 

The  problem  structure  allows  direct  extension  from  linear 
to  probabilistic  programming.  The  most  worrisome  uncertainty 
lies  in  projections  of  future  requirements.  Probability  dis- 
tributions based  on  duration  of  projection  can  be  estimated 
using  available  historical  data.  In  the  linear  program,  these 
projections  appear  on  the  right-hand  side  of  the  inventory 
flow  constraints.  Through  application  of  chance  constrained 
programming,  the  manager's  aversion  to  the  risk  of  not  meeting 
future  requirements  can  be  explicitly  entered  into  the  formula- 
tion. This  is  a topic  for  future  work. 
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APPENDIX  A 


LINEAR  PROGRAMMING  FORMULATION  OF  THE 
INVENTORY  PLANNING  PROBLEM 


Let 


i . : 


= allocation  of  type  k,  in  year  i,  to  rating  j 


and 


where 

i  = (years  in  the  planning  horizon) 

j = 1 , . . . , n ( ratings) 

k = 1 if  "A"  school 

2 if  OJT 

3 if  lateral  transfer  into  rating  j 

4 if  lateral  transfer  out  of  rating  j 

5 if  direct  input,  such  as  broken  service  reenlistee 

Then  is  a vector  of  allocations  in  year  i to  rating  j,  and 


= (X  X- . 

3 1: , 2j, 


X?j) 


is  a vector  of  allocations  to  rating  j over  all  years  in  the 
planning  horizon. 

After  inserting  slack  and  surplus  variables,  the  constraints 
are  of  the  form 


A-1 


L ' X U 

.':ions:  (m^  and  are  rows  and  columns  in  the  j 


* 1 

2 3 X 

' 

21 

n 

] 

35 

B, 

i 

3 

X 

"l' 

14 

m^ 

42 

X 

J 

1 X n 

- f 

J 

21 

n . 
1 

35 

^o 

2 3 X 

1 

b. 

mj  X 

1 , 

< 

14 

3 

, A 

42 

Constra ints 


(A^  A2  ...  A^) I X. 


= b. 


I 

L 


1 


J 


are  overall  coordinating  constraints,  including 

o Endstrength  constraints 

o Recruit  input  constraints 

o Lateral  flow  constraints 


matrix.) 
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and 


are  rating  specific  constraints,  including 

o One  set  of  inventory  flow  constraints  for  each  LOS 
interval  specified 
o School  smoothing  constraints. 

Vector  L contains  lower  bounds  which  are  preset  to  zero,  and 
vector  U contains  upper  bounds  which  are  preset  to  reasonably 
attainable  values  under  current  policy.  (For  those  variables 
which  are  not  to  be  bounded  above,  sufficiently  large  values  are 
inserted . ) 

This  sytem  of  equations  has  the  "staircase"  structure 
which  lends  itself  to  accelerated  solution  by  decomposition 
methods  (see  reference  3). 

The  development  of  constraints  is  as  follows. 


Inventory  Flow  Constraints 
Let 


a 


k 

i , j , ,m 


fraction  of  allocation  of  type  k,  in  year 
i,  to  rating  j that  is  or  becomes  designated 
in  rating  j and  survives  till  the  end  of 
year  I and  is  in  LOS  interval  m at  that  time 


where 


i,  j,  and  k are  as  above  for  x .,  and 

1,  3 ' 

£ = 1 , . . . , 7 


m = 1,2,3 


A- 3 


I.et 


requirements  in  year  I for  LOS  interval  m in 
rating  j 


h . , 

j , ii,m 


interval  of  percentages  which  defines 
what  constitutes  "satisfaction”  of 
requirements  for  rating  j 


r.  = total  in  base  inventory  who  are  projected 

- ’ to  survive  until  the  end  of  year  i and 

be  in  interval  m in  rating  j 

Then,  for  each  year  £ = 1,...,7,  and  each  rating  j = l,...,r 
and  each  interval  m = 1,2,3  there  is  a constraint 


5 b - I 

j , £ , m j , 2 , m J , £ , m 


^ I 

i = l,  . . . ,£ 
k=l , . . . , 5 


ok  yk  ^11  K -T 

‘*i,j,£,m  i,j  = j,2,m"j,£,m  j.^.n 


which  forces  new  additions  during  the  year,  plus  aged  additions 
from  previous  years,  to  satisfy  requirements. 


Sclioo  1 t h i ng  Con s t r a i n t s 


f.  = predetermined  input  to  "A"  school  in  rating  j in 
^ year  1 

Then,  constraints 


j = 1 , . . . , r 


set  the  first  year  inputs  to  predetermined  levels 
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Let 


s.  = percentage  change  in  ”A"  school  input  allowed 
for  rating  j in  year  i 

Then,  constraints 

fl-s.  .)x|.  < x!.  < (1+s.  .)x^. 

i = 1 , ,6 

force  annual  inputs  to  change  no  more  than  s-  • percent  from 

1 > 1 

one  vear  to  the  next. 


Let 


s • = absolute  value  of  change  in  "A"  school  input 

’ allowed  for  rating  j in  year  i , 

Then,  constraints 

1 ^ 1 1 ^ 
l.J  1.1  - 1^1.1  - 1.1  1.1 

i = 1 , . . . , 6 

torce  annual  inputs  to  change  by  no  more  than  s-  • from  one  year 

1 . 1 

to  the  next.  The  user  can  select  one  or  the  other  of  these  sets 


of  constraints. 


lit  e t a 1 t-  low  Cons  t ra  i n t s 
Let 

^ 8 ) 

be  g subsets  of  ratings  In  which  lateral  transfers  are  authorized. 
Then,  for  each  t = 1 , . . . ,g  , in  each  year  i = 1,...,7  , constraints 


L (X.  . 
leRt 


x'  .) 

1.1 


0 


require  that  net  lateral  transfers  within  each  of  the  g subsets 
equals  zero  in  each  year. 
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Rivruit  Input  i n t s 

Let 


rt^  = maximum  flow  out  of  recruit  training  expected 
to  be  allowed  in  year  i , 

Then  cons t ra i nt  s 

I X . . < rt . for  1 = 1 ....  ,7 

k=l,2  ^ 

j = 1 , . . . , r 

force  total  inputs  to  "A”  school  and  O.IT  to  be  within  the  limit 
rt.  in  each  year  i . 


Indst  length  Tpns  t r;pi  nt  s 


Since  only  one  interval  (1,31)  is  considered,  subscript 
m is  omitted. 


Let 

i = 0 correspond  to  the  base  year.  (This  is 

necessary  in  order  to  account  for  undesignated 
personnel  in  training  pipelines  in  the  base 
inventory . ) 


k 


k 

j 


total  in  training  pipeline  k for  rating  j in 
the  base  inventory 

authorized  strength  less  recruit  training 
strength  in  year  I 

fraction  of  those  who  enter  training  pipeline 
k in  year  i in  rating  j who  will  be  in  the 
Navy  at  the  end  of  year  I 


Then,  for  each  year  I = 1,2,. ..,7,  constraints 


J 

k 

i 


1,.  . 
1,2 
0,1, 


,r 


pk  „k 

i.j,^  i.j  ^ 


J 

k 


. ,!l 


1 , . . • , r 
3,4,5 
1 


a*'  . 

i.j.il  i,J  ^ 


A-h 


i ESi 


j = l r 


require  that  the  total  number  of  people  in  the  Navy  at  the  end 
of  each  year  be  within  authorized  levels. 


riio  i^l\iect  ive  l iinct  ion 


Let 


. j 


the  discounted  cost  to  recruit,  train,  and 
maintain  an  input  of  type  k,  in  year  i, 
until  he  becomes  designated  in  rating  i. 


then,  one  objective  to  be  used  during  testing  is  to  select  that 
set  of  new  additions  . , i = , j = l,...,r  , and 
k = 1,...,5  which  minimizes 


I 

i = l , . 
J = l,  • 
k=l  , . 


k k 

c • • X • . 

1,1  1 , .1 

r 


the  cost  of  all  new  additions  over  all  planning  years. 

Another  objective  is  to  select  that  set  of  inputs  to  training 

("A"  and  OJT) , which  minimizes 
V 

I X.  . 
i=l,...,7  i.J 
j=l, . . . ,r 
k = l ,2 


the  total  input  to  training  over  the  planning  years.  This  objective 
function  was  used  in  the  example. 
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DISCUSS  I ON 

The  dimensions  of  the  full  constraint  matrix  depend  on  2 
factors:  first,  the  number  of  ratings,  which  can  be  between 

1 atul  82,  and  second,  the  number  of  LOS  groups  within  each  rating 
being  planned.  For  a one  rating,  one  LOS  group  problem,  the 
constraint  matrix  las  only  37  rows  and  35  columns,  excluding  slack 
variables  and  upper  bound  constraints.  This  matrix  has  a density 
of  less  than  7 percent.  For  82  ratings  and  3 LOS  groups,  the 
full  matrix  has  about  3,500  rows  and  3,000  columns,  and  is 
approximately  one  percent  dense. 

A matrix  generator  has  been  written  to  derive  the  full 
constraint  matrix  as  a function  of  the  number  of  ratings  and  LOS 
groups,  and  also  as  a function  of  the  upper  bounds  placed  on 
each  variable.  For  those  variables  given  an  upper  bound  of  zero, 
the  corresponding  columns  are  deleted  from  the  problem  matrix. 

This  reduces  the  number  of  columns  by  10  to  20  percent. 
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Survival.  V.s  Dec  1973)  AO  761  675 

PP  109 

Bergh'iefer  Ked  G . "SaJariei  A framework  for  tjie 
Siudv  of  Trend. “ 8 pp  Dec  197.3,  (Published  in 
Review  of  |ns.ome  and  Wealth  Series  18  No  4 Dev 
19-2) 

pp  no 

Augusta.  J'iseph,  “A  Critique  ol  C»»*i  Analysis,"  9 
pp  Jul  1973.  AD  76*  376 

PP  III 

Herruk  Robert  tA  “The  CSSR’s  'Blue  Bell  of 
Detente  Concept  A I'mCied  Military  Plan  for  De 
fente  Against  ^abome  Nuclear  Attack  by  Sinke 
(amen  and  Pi*lam  P'«id»in  SSBNs,"  18  pp  Mav 
1971  ad  -b6  371 

PP  112 

(ftttiVrg  lawrenvc  H . "ft  f Aimtaphere  Noi« 
lew!  Statistics  he  pTo*eci  SANfil'ISf ,"  29  pp  . Apr 
19-4  ad -86  969 

pp  M 3 

(<tn«ber|  lawretue  H “Propagation  AnomalKS 
During  Pr«*|eci  SAN(,l  ’INf  f apenmenii  **  5 pp  , Apr 
1974.  Al)  786  96M 

PP  fl4 

Malones  Aithuf  P l<ib  Satsilaciioo  and  lob 
Tumowt*‘4lpp  Jul|973  AD  768  410 

PP  115 

Silvertnan  Letter  P "The  Uriermviantt  of  f met 
gency  and  Flrviivt  Admias<>nt  tn  Hotpitalt."  145 
pp  18  Jui  1973.  ad  766  377 


PP  1 16 

Rehm.  Allan  S . "An  Asseumeni  of  Military  Opera 
iNint  Retearih  in  the  USSR,"  19  pp  , Sep  |973. 
(Reprinted  from  Proceedmp.  3()th  Military  Opera 
Horn  Reteaivh  Svmpotium  (U).  Secret  Dei  19721 
AD  770  I 16 

PP  ll7 

MvW'hite  Peter  B and  Ralliff.  H l>ma)d,*  "l>c 
(ending  a lugitiKS  System  I'nder  Mining  Attack.  '** 
24  pp  . Aug  19-6  (to  be  submitted  for  publication  in 
Naval  Research  Logistics  CJuaricrIy).  piesented  at 
44th  National  Meeting.  Opecations  Research  Society 
of  America,  November  197.3,  AD  A030  454 
•f''nrvenrr>  of  f-'k-nda 

**Rfie^ch  mpp'rifd  m part  unJrr  Ufftct  of  Sava! 
Retearch  Contract  MH)Ol4  M-027.COOI7 

PP  118 

Btrfoot.  C Bernard.  "Markov  lAiels."  18  pp.  Apr 
1973.  (Reprinted  from  Operations  Research.  Vot  22. 
No  2.  Mar  Apr  1974) 

PP  1 |9 

Stoloff.  Peter  and  Lockman.  Rt>heri  f . “Develop- 
ment of  Navy  Human  Relations  (^estionnaire.”  2 
pp  . May  1974.  (Puhbthed  in  American  Psychological 
Aaaociation  Proceedings.  8lst  Annual  Convention, 
1973)  AD  779  240 

PP  120 

Smith,  Michael  W and  Schnmper.  Ronald  A .* 
"Economic  Analysis  of  the  intracity  fhsperaon  of 
Crmunal  Activity."  30  pp  . Jun  1974,  (Pretenied  at 
the  Econometnc  Society  Meetings,  30  Dec  1973) 
AD  780  538 

*Fconnrrucs.  Sorth  Cdfnhna  State  (/ntyernty 
PP  121 

Devine.  Eugene  J . "Ptocurement  and  Reientmn  of 
Nisry  Riytscims."  21  pp  . Jun  1974,  (Presented  al  Ihe 
49th  Annual  Conference,  Western  fconomic  Assncia 
lion,  las  Veps.  Nev  . 10  Jun  I974|  AD  -RO  '39 

PP  122 

Kelly.  Anne  M . “The  Soviet  Naval  Preserke  (hiring 
the  IraqKuwssti  Border  Dispute  March  Apnl  1973." 
34  pp  . Jur  1974.  (Published  tn  Sonet  NsviJ  Pokey 
ed  Michael  Ma'(>wvr  New  York  Praegetl 
AD  780  592 

PP  123 

Peteraen.  ('harles  C . "The  Sonet  Port  t>anng  Op  -it 
tion  m Bangtadaah.  f**»ch  1972-Decemhei  1973  ' 3' 
pp.,  Jun  1974.  (Published  in  Mkhaet  Mic(>wue  ei  al 
(eds)  Soviet  Naval  Policy  Obtretives  and  ( iwisirarts 
(NesrYork  Praepi  Publiihers  1974)  AD  7H0 '40 

PP  124 

Fnedheim.  Robert  L and  Jehn.  Mary  f . "Antki 
pattng  Sonet  Bcheviot  at  the  Third  U N law  of  the 
Sea  Conference  US.SR  Poatinns  and  Dilemmas."  37 
pp  . 10  Apt  1974.  (Pubhahed  in  Sonet  Naval  Pnbey, 
ed  Michael  MccCwtr*.  New  York  Preegrr) 
AD  783  701 

PP125 

Wetnland,  Robert  G . “Sonet  Naval  Operations  Ten 
Yean  of  Otan^."  17  pp . Aug  1974.  (Pubhahed  in 
Soviet  Naval  Pobey.  ed  Michael  MccGwtre.  New 
York  Prater)  AO  783  962 


FT  126  Claanfied 

PP  127 

Dragnich.  George  S . “The  Sonet  Union's  (>iesi  tor 
Acceee  to  Nival  factlities  in  Egypt  Prior  to  the  June 
War  of  I967."64  pp  . Jul  1974  AD786  3IH 

PP  128 

Stoloff.  FYter  and  Lockman.  Robert  f . “Evaluation 
of  Naval  (Xficer  Peifrwmance,"  1 1 pp  , (Presented  at 
the  82nd  Annual  Con-ention  of  the  Amencan 
Psychological  Aasiwiaiion,  1974)  Aug  1974. 
AD  784  01 2 

PP  129 

Holen,  Arlene  and  Horowitz.  Stanley  "Partial  Un 
employment  Insurance  Benefits  and  the  Extent  of 
Partial  Unemployment."  4 pp  Aug  1974, (Pjblished 
in  the  Journal  of  Human  Resources  Vol  IX  Nt.  3 
Summer  1974)  AD  784  010 

FT  130 

Dismuket.  Bradford.  “Roles  and  Miuions  of  Soviet 
Naval  General  Purpose  Eorces  m Wartime  Pr<»-SSBN 
Operation."  20  pp  . Aug  1974  AD  786  320 

PP  131 

Wetnland.  Robert  G,.  "Analysis  ol  (»orshkov's  Njviei 
in  War  and  Peace."  pp  Aug  1974,  tFhjblished  in 
Soviet  Naval  Policy,  ed  Michael  Mcc(/wire  Sew 
York  Praeger)  AD786  319 

PP  132 

Kletnman.  Samuel  D , "FLaciaJ  Dtfferenve*  in  Hours 
Worked  in  the  Market  A Preliminary  Report,"  77 
pp  . Feb  1975.  (Paper  read  on  26  (3ct  1974  at  (astern 
Economic  Aisociation  Convention  in  Albany  S Y ) 
AD  A005  517 

PP  133 

Squires,  Michael  I . “A  Stochastic  M->del  of  Regime 
Chan|g  in  (atm  America.'  42  pp  Feb  1971 
AD  A 007  912 

PP  I 34 

Flnot  R M and  Cunniff  PE*  "A  Study  of  tbe 
Shock  Spectrum  of  a Twi»-Depee-oi  Ereedi'm  Son 
linear  Vibratory  Syiiem,"  39  pp  . Dec  19-'.  (Fhib- 
lishcd  m the  condensed  version  of  The  Journal  of  the 
Acoustk  SiKietv  Vol  60,  No  6,  Dec  1976,  pp  1314 
•fVpwrmmr  of  ktrchtnu'oi  f-ngtnetnng.  ( nneniiv 
of  Marv  larscJ 

FT  13' 

(joudreau,  Kenneth  A Kuzmack.  Richard  A 
Wiedrimnn  Karen  “A/.alvm  of  Cloture  Alternatives 
for  Naval  StaOons  and  Naval  Air  Stations."  47  pp  3 
Jun  1975  (FLeprmied  from  “Hearing  befrue  the 
Suhcommttee  on  MiLtarv  Construction  of  the  Cnrrv 
mitice  on  Armed  Servwe."  US  Senate  93td  ('on 
0tm.  1st  SesBtm.  Pan  2.  22  Jun  1973) 

Pf  136 

Stallmgi.  William.  “CybemetKt  and  Behavior 
Therapy."  1 3 pp  . Jun  1975 

FT  137 

Petenrn.  ('harks  C . "The  Soviet  Union  and  the 
Reopening  of  the  Suez  ('anal  Minecleanng  Opera 
UORS  tn  iJie  (tulf  of  Suez."  30  pp . Aug  1975. 
AD  A 01 5 376 


•CNA  Professional  Papers  with  an  AD  number  may  be  obtained  from  the  National  Technical  Information  Service,  U.S.  Department 
of  Commerce,  Springfield,  Virginia  22151.  Other  papers  axe  available  from  Ihe  author  at  Ihe  Center  for  Naval  Analyses.  1401 
Wilson  Boulevvd.  Arlington,  Virginia  22209. 
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fT  1 

^taJlinp.  WiUi«m.  "BR1IK>(  An  Intern  tivr  Dii 
.'•ftue  lieneratt<tn  Facility"  *<  pp  Aug  (He 

pnnted  tn^m  lill  Tran\^Uitnt  itn  Syttems.  Mu). 
and  Cvhemctict,  ^ ol  ^.No  .V  Mas 

IT  I 

MiMpn.  William  I . Jr  . "Beyond  FoDtiofe  and  Kahles 
in  Ksfeatry  to  Poyiiisre  bconorrm*.”  14  pp  . tPre 
tented  at  .Southern  h^onomic  Atsoctation  Mertinp 
Novemhet  1Q’4>  Aug  aI)  A OIS  29.1 

IT  140 

Mahoney  Rivhert  and  l>uckfnan.  Darnel*,  "Simula- 
tion, K apenmeniation.  and  ('ontexi.”  pp  . 1 Sep 
W’S  tPuhliihed  in  Simulatinn  A (lamet.  V'ol  6.  No 
1 Sep 

Inr 

IT  141 

Mi/rahi  Maurice  M "fienenJi/ed  Hermtte  Poly- 
nomtaJi  "•  ' pp  . Peh  19'^ft  (Rej  iied  from  the 
Jiiumal  of  ('i>mputatmnal  and  Applied  Mathematics. 
Vol  I No  4(1975).  :7.V277) 

•Reseurrh  suppi>rifd  hv  the  \aru>nal  Snenct 
F-  ‘Ufkiattnn 

PP  142 

I (x:kmin.  Robert  P , Jehn.  ('hnitophet,  and 
Shughart,  WiDiam  P !!,  "Models  lor  P.itmiating  Pre- 
mature loaars  and  Recrutting  Districi  Performance," 
^6  pp  , Dec  1975  (Pretented  at  the  RAND  Con- 
ference on  Defenie  .Manpower.  Peh  I97ft,  to  be 
puhliihed  in  the  conference  proceedmp) 
AO  A 020  441 

PP  141 

Horowit}.  Stanley  and  Sherman.  Allan  (LCdi  , USN). 
"Maintenance  Pertonnel  Hleuivenru  in  the  Navy." 
.11  pp  . Jan  I97ft  (Prewnied  at  the  RAND  Conference 
on  Defente  Manpower.  P'eb  1976.  to  be  published  in 
the  conference  ptrxeedtngi)  AO  A02I  5AI 

PP  144 

(Xirch.  William  J , "The  Nasry  of  the  Repuhbc  of 
China  History.  Probkma.  and  Prospecii."  66  pp  . 

1976  iTn  be  puhliihed  in  "A  (/uide  to  Auaiic 
Pleeis."  ed  by  Barrv  M Blechman.  Naval  Institute 
Preu)  AD  A010  460 

PP  14< 

Kelly . Anne  M . "Poit  Viatt  and  ihe  "Intemationaliii 
Misaion”  of  the  Soviei  Navy  ,"  16  pp  , Apr  1976 
AD  A021  416 

PP  146 

Palnsout.  Vernon  P . "Altematwet  for  Increaiing 
Access  to  Scientifk  Journals."  6 pp , Apr  1975 
(Presented  at  the  1975  IPfcf.  Conference  on  Scientiric 
Journals.  Cherry  HiU.  NC  . Apr  2S-10.  pubbihcd  m 
IFPP.  Transactions  on  Profestiunil  ( ommumcation. 
Vol  PC  IS.  No  3.  Sep  1975)  aD  A021  79A 

PP  147 

Kettler.  J Chnttian.  -Upi  lnucs  tn  Protecting 
(XfthoK  Structurei,"  33  pp . Jun  I97A  (Prepared 
under  taafc  order  N000)A4>8  A-0091-0023  for  ONR) 
AO  A028  1S9 

PP  I4« 

McC'imntD.  James  M . "Mihtary-Pobtical  Taaki  of  the 
Soviet  Navy  in  Wat  and  INacc,"  62  pp  . Dec  1975 
(hiNtshed  in  Soviet  Oceans  Development  Study  of 
Senate  formrsercr  Commirtee  fJcioher  1976) 
AD  A022  590 


PP  149 

•Stpiire*  Michael  1 , "CiiunferJorte  1 HecfivenfM  A 
( xmpansnn  of  the  Tsipts  "K"  Measure  and  a f om- 
(Miter  Simulation  " 24  pp  . Mar  t'»76  (Prcwntcd  at 
the  International  Study  Association  Mcpiinjp..  27  Peb 
1976)  AD  A022  591 

HP  1 50 

Kelly.  Anne  M and  Petersen,  Charles,  'Recent 
Changes  m Sr>viei  Naval  Polic.v  Pmspect.s  ini  Arms 
liiiutations  in  the  Mediierianean  and  Indian  (Xean." 
:«  pp  . Apr  1976.  AD  A 021  721 

fT  151 

Horowjtr.  Stanley  A..  "The  P.conomic  Crmsequeiices 
of  Political  Philosophy,"  S pp  , Api  1976  ( Reprinted 
from  PconomK  Inquiry,  Vol.  XIV.  No  l.Mar  1976) 

PP  152 

Mirrahi.  Maurice  M . "On  Path  Integral  Soluiioii.s  nt 
the  Schrodingei  liquation.  Without  Umiting  Pn> 
cedure,"*  10  pp,  Apr  1976  (Reprinted  from  Journal 
of  Mathematical  Physics.  Vol,  17,  No  4 (Apr  1976), 
566-5  7*1 ) 

•Rerearrh  aipporied  hy  ihv  Satioruil  Savnee 

hnurkiatmn 
PP  151 

Mirtahi.  Maurice  M . "WKB  l.xpansions  by  Path 
Intepals.  With  Applications  to  the  Anharmonii 
Oscillator,"*  137  pp , May  1976  (Submitted  lor 
publication  in  Annals  of  Physics)  AD  A025  440 
^Research  supported  hv  the  \atumal  Sfirncc 

f-oundatton 

PP  154 

MiAtahi.  Maunce  M , "On  t)ie  Seiro-ClassKal  Px- 
pansion  in  (Aianium  Mechanics  lor  Arbitrary 
Hamiltonians."  19  pp  . May  1976  do  appear  in  the 
Journal  of  Mathematical  PhysKy)  Al>  A025  44 1 

PP  155 

Squires.  Michael  I . "Soviet  Poieign  Polity  and  fhird 
W<wld  Nations."  26  pp  , Jun  1976  (Piepated  lor 
presentation  at  the  Midwest  Political  Science  Associa 
lion  meetings.  Apt  30.  1976)  AD  A028  ,18H 

fT  156 

Stallings,  William.  "Approaches  to  Chinese  Chatatter 
Recopution."  12  pp . Jun  1976  (Repnnted  from 
Pattern  Recognition  (Pergamon  Press),  Vol  H,  pp 
H7-98.  1976)  AD  A02H  692 

PP  157 

Morgan.  William  F , "Unemploymeni  and  the 
Pentagon  Budget  Is  There  Anything  in  the  Empty 
Pork  Battel'*"  20  pp  . Aug  1976  AD  A010  455 

PP  158 

fiaskel],  IX'dr  Rtchatd  D (USN).  "Ex(«nmental 
Validation  of  Probability  Predictions."  25  pp  . Aug 
1976  (Piescnted  at  the  Military  Operations  f^search 
SiKKty  Meeting.  Fall  1976)  AD  AGIO  458 

PP  159 

Mc^'ormeU,  James  M , "The  f^orthkov  ArOtJes.  The 
New  (iorthliov  Book  and  Theu  Relation  to  Policy." 
93  pp  , Jul  1976  (To  be  printed  in  .Vovier  Savat 
tnfhence  Diimettk  and  Fnretgn  Dimennumi.  by 
M MccOwire  and  J McDonnell.  New  York  Prarget) 
AD  A029  227 

Pf  160 

Wiiion.  Desmond  P . Jr  , "The  U.S.  .Sixth  Fleet  and 
the  Cunveniional  Defense  t>f  Furupe,"  50  pp  . Sep 
1976  (Submitted  for  publication  in  Adelphi  Papers, 
flSS  . Umdnn)ADA010  457 


PI'  161 

Mrlnh.  MicfuH  I and  IV'*!  Vur  A Im  «...  <1  SN. 
Retired).  'I  led  ( iimmanilds  Atlnai  m Ashofc  *”  9 
pp  . Aiiii  |97r«  |Rc|>niiiC{]  Ironi  I S Suuil  /nMiliili- 
rr,HCvJing\.  Jun  I'dbl  AD  V)«)45f, 

IT  162 

Ffietlhcim.  Robcit  I . ‘'PafliaiTicniafV  Diploiiuiv 
lOti  pp  Sep  1976  AD  AOll  lor, 

IT  161 

linkman,  RobcM  F , "A  MmJel  toi  Predicting  Kr 
cruit  losses,"  9 pp  , Sep  1 976  ( Presented  at  the  *'4ih 
.snmial  convention  of  ihc  Ameman  Psyctmlogiial 
Assixiation.  Wjshington,  IX  4 Sep  rX6i 
Al)  AGIO  459 

IT  164 

Mahoney,  Robert  H Jr  , "An  Assessment  ol  l*iiblk 
and  F.lilf  Perceptions  m FfancC,  T)w  Cnited  King 
dom.  and  the  federal  Republic  ol  (fcrmany.  II  pp 
l eh  1977  (Picsented  al  ( onlcrencc  "Perception  o) 
the  US  Soviei  Baiance  and  ilte  Political  t scs  ot 
"Military  Power"  sponsored  by  Director  Advanced 
Research  Projects  Agency.  April  |9"!6)  Al)  0l6  5'ju 

PP  165 

Jondtow . James  M ' Ftleclsol  Iradc  Rcslnciions -xi 
Imports  of  Steel,"  67  pp  , Sovemher  1976  iDe 
iivered  at  II  AB  Conlercnce  in  !>•>  t9‘*6i 

PP  166 

Feldman,  Paul.  "ImpcdiitKnts  to  the  Impiemetiiaiion 
of  Desirable  Cliangcs  in  the  Regulation  ol  trhan 
Public  Transportation."  12  pp  . Oct 
Al)  AOll  122 

PP  166  Revised 

Feldman,  Paul,  "Why  li's  Ditficuli  to(  hangc  Rvgula 
lion."  Del  I9*’6 

PP  167 

Kleinnian  Samuel,  "ROK  Seivuc  Coinmiimcnis  a 
Comment,"  4 pp  Nov  l‘»76.  (To  he  published  in 
Public  (hoice,  Vol  XXIV  fall  19761  Al)  Al>  10« 

PP  168 

lockrnan,  Robert  I , "Revalidatum  ol  C'NA  Suppi'n 
Personnel  Selection  Measures."  .16  pp  . Nov  19‘*6 

PP  169 

Jacobson,  louts  S.  "1  ainmgs  losses  ol  Workers 
Displaced  Imm  Maiuilictunng  Indusines. " IM  pp  . 
Noy  1976.  (Delivered  al  II  AB  Conlerciue  m Dec 
1976) 

PP  170 

Btechling.  I tank  P.  "A  1ime  Senes  Analysis  ol 
l,jb»*i  Turnover."  Nos  1976  (Delivered  al  II  AB 
Conterencf  m Dec  1976) 

Pf*  171 

Ralston.  James  M , "A  DiMusion  Model  lot  (laP  Red 
LED  Ogtadaiion,”  10  pp  . Soy  |9?6.  (Published  in 
Journal  of  Applied  Pysics.  Vol  47  pp  45)8-452’’. 
Oct  1976) 

PP  172 

Clauen.  Kathleen  P.  "Unemployment  Insurance  and 
the  l.engih  ol  Unemployment. ■■  IVi  I97ft  (presented 
al  (he  University  of  Rochester  l^boi  Workshop  on  16 
Nov  1976) 

IT  171 

Kleinman,  Samuel  1)  , "A  Note  on  Racial  DiHerences 
m the  Added  Worker'Ihscouiaged  Worker  Conlio 
verty,"  2 pp  . Dec  1976.  (Published  m (he  Amrncan 
Economist . Vol  XX.  No  1 , Spring  197m 
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K.' 


PP  I •’4 

Mths'nfs,  Robert  B Jr  , "A  CoftipanvHi  of  «h« 
Brnttkinfr  anj  lntftnjl«»»n»l  IriLtilrnU  Ptt»KCt<.”  1' 
PP  Jrh  ADOn  ,'iWt 

pv  ns 

Daniel.  Sii*lolf,  Pner  and  Spruill.  Nancy, 
"PuhiK  l>iug  Treatmem  and  Addicl  Crinw."  June 
(Puhliihed  m Jitumal  of  lepil  Studies.  Vol  S. 

No  :i 

PP  l7^ 

Pelix,  'kendi.  "CorTelaies  ol  Retentii'n  and  Prt«m«> 
hon  lor  rSNA  (iiaduates.**  ^8  pp  , Mai  1^77 

PP  1 77 

U*ckman,  Ri*bert  I-  and  Warner  J«thn  I . ‘"Piedit 
ting  Attrition  N Test  o(  Alternative  Appf‘  ‘.he$." 
pp  Mat  1<*77  (Presented  at  the  OSD  ONR  Cnn- 
teren^e  on  Unlisted  Aiiriiion  Xerox  International 
Training  Center.  I.eesburg.  Virpnia,  4 7 Apnl  1P77I 

PP  17H 

Kleinman  Samuel  D.  "An  I valuation  of  Nav\ 
I'mestricled  line  Officer  AccesMon  Proparm." 
pp  April  1*J77,  (To  be  presented  at  the  NATO 
Conference  on  Manpower  (banning  and  Orgam/atitm 
Design.  Stresa,  Italy.  20  June  1^77) 

PP  170 

Stolttff.  Peter  H and  Balut.  Stephen  J , ‘"Vacate  A 
Model  for  Personnel  Inventory  Planning  Under 
Changing  Management  Policy."  14  pp  Apnl  1077, 
(To  be  presented  at  the  NATO  Conference  on 
Manpower  Planning  and  Oigani/ation  [)eiign  Stress. 
Italy.  20  June  1077) 

PP  180 

Hnrowit/.  Stanley  A and  Sherman.  Allan.  "The 
CharKtcnitics  of  Naval  Personnel  and  Personnel 
Perli*rmarKe."  lb  pp  Apnl  1077.  (To  he  presented  at 
the  NATO  Conference  on  Manpower  Planning  and 
Ofgani/ation  l>sign.  Stress.  Italy.  20  June  1077) 

PP  181 

Balut.  Stephen  J and  Siidoff.  Peter,  "An  lnvenior> 
Planning  Mi*del  lor  Navy  Inlisted  Personnel."  35  pp  . 
Mav  1077  iPtepared  for  presentaium  at  the  Joint 
Nabonal  Meeting  ol  the  Operation*  Researsh  SrH'ieiy 
of  Amencj  and  The  Institute  t>«  Management 
Science  0 Mav  1077,  San  FrarKisco.  Cabfornia) 

PP  182 

Murray.  Russell,  2nd.  ‘The  Quest  ftw  the  Perfect 
Study  o»  My  First  1 1 38  Days  at  CNA,"  57  pp  . Apnl 
1077 

PP  183 

Kassmg.  David.  "Changes  in  Soviet  Naval  Fotcrs."  33 
pp  N«ivembei  I07b,  (To  he  published  as  a chapiei 
in  a book  published  by  The  National  Strategic 
Information  (enter) 

PP  186 

Mi/iahi.  Maurice  M . "Phaae  Space  Intepals.  Without 
I mating  Procedure  " 31  pp  , May  1077.  (Submitted 
for  pubiH'ation  in  Journal  of  Mathematical  Phyncs) 


PP  1 88 

Idufvh.  William  J . "Inlormation  Pr-Kcssiirg  and  Out 
come  Forecasting  tor  Multilateral  Negoiiaitoiis 
Testing  One  Approach,”  ^3  pp  Mas  1077  (p,fpj,f,j 
lor  presentation  to  the  I8ih  Annual  ( orivention  of 
the  Iniernaiiona)  Studies  Asviciation.  < base  Park 
Pla/a  Hotel,  St  loins,  Missouri  March  16  20,  |o‘*7( 


- 3 - 


